STUDIES IN TISSUE SPECIFICITY : II. THE ULTIMATE FATE OF MAMMALIAN TISSUE IMPLANTED IN THE CHICK EMBRYO. by Murphy, James B.
STUDIES  IN  TISSUE  SPECIFICITY. 
II.  THE  ULTIMATE  FATE  OF  MAMMALIAN TISSUE  IMPLANTED 
IN  THE  CHICK  EMBRYO.* 
BY JAMES  B. MURPHY, M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
PLATES 33 A~rO 34. 
In a  previous  paper I  have reported the  fact that various  mam- 
malian tissues grew when implanted in the developing avian embryo, 
whereas in the adult  chicken the same tissues  were unable to  sur- 
vive.  1  It was later shown that the mammalian cells could be grown 
for long periods in the embryonic host if removed before hatching 
time and replanted in a young embryo3  That foreign tissue under- 
went  no  injurious  change  as  a  result  of  its  long  sojourn  in  the 
embryo was shown by the fact that growth continued when it was 
returned to  its  native  species.  If  grafted into  the  adult  fowl,  or 
even  into  the  newly  hatched  chick,  the  cells  soon  died  and  were 
absorbed.  The  quality that  makes the chicken an  unsuitable  host 
for  the  growth  of  tissue  of  a  foreign  species  seemed to  develop 
some time between the  eighteenth day of  incubation  and  the  first 
day of extra-shell life. 
With the hope of throwing some light on the factor of resistance, 
a  study  has  been  made  of  the  histological  manifestations.  The 
points considered are: first, the fate of an established and prolifer- 
ating graft when left in the embryo during the development of the 
resistance; and, second, the fate of foreign tissue introduced during 
and after the onset of the refractory state. 
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The Fate of Tissue Implanted in the Adult of a Foreign Species. 
--The  histologic changes about grafts from a  foreign species intro- 
duced into the adult chicken  closely resemble those  observed about 
grafts  of  a  chicken  sarcoma  in  an  immune  animal. 8  In fact  the 
histologic  process  which  goes  on  when  a  living  tissue  is  grafted 
into  an  animal  unsuitable  for  its  growth  seems  to  have  the  same 
general characters,  regardless of the source of the host's resistance. 
This  is true  in  the  case  of animals  naturally  immune,  either  indi- 
vidually or because of variety or  species; those  with  so  called  ac- 
quired  immunity,  traceable  to  recovery  from  an  implanted  tumor; 
and finally, in the case of those made artificially immune. 4 
To summarize the histological picture briefly, one finds about the 
strange  graft  an edema and  reaction to  the  incidental  trauma,  fol- 
lowed by an increase  in the fibroblasts in the  surrounding  host tis- 
sue, and then a  budding out of the blood vessels and an infiltration 
of the tissues round about with small mononuclear cells.  In birds, 
as Loeb and Addison have shown, ~ the accumulation of small round 
cells may be so marked that  a  considerable nodule of lymphoid tis- 
sue is  formed  (figure  I).  The  cells of the  graft  die more or  less 
quickly,  and  in  the  meantime  the  connective  tissue  becomes  more 
abundant, surrounding and invading the tissue remains,  and separat- 
ing  the  mononuclear  cells  into  small  islands.  Finally  the  mono- 
nuclear cells disappear and the process subsides into a  scar.  There 
is a  wide variation in the rapidity and extent of the reaction.  This 
is especially noticeable when the same tissue is introduced  into dif- 
ferent species.  Rat tissue in a  mouse brings about a  slow reaction, 
some of the  rat  cells surviving as long as nine  days;  and  frequent 
mitotic figures are seen during the first few days.  When, however, 
the rat tissue is grafted into a  more distantly related species as the 
chicken, the rat cells are entirely disintegrated by the third  day, and 
there  is  a  rapid  and  extensive  infiltration  with  small  mononuclear 
cells.  Some individual  variation  exists,  but the  fact  holds  true  in 
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general that the more distantly related the species, the more quickly 
the cells of the one will be disintegrated when introduced into the 
other. 
The Fate of Foreign Tissue in the Newly Hatched Chick.--When 
grafts  from a  foreign species are  introduced into the newly born 
chick the series of reactions are the same as those observed in the 
adult.  The  cells  survive about the same length of time,  and the 
reaction is observed to take place in the same sequence.  Perhaps on 
the whole the round cell infiltration is not so extensive and the con- 
nective tissue reaction is more abundant, the process subsiding more 
quickly than in the adult animal. 
The  Fate  of  Established  Grafts  of  Foreign  Tissue  when  Left 
in the Embryo during the Development of the Resistant Condition. 
--The  possibility was early considered that the cells of  a  foreign 
species, if left in the embryo during the supposed gradual develop- 
ment of  the  resistant  factors,  6  might undergo an  adaptation  for 
growth in the adult.  Such an adaption I  find to be entirely absent. 
The  refractory  condition, instead  of  being of  a  gradual  develop- 
ment, seems quickly to attain its full power.  In order to study its 
time of onset and histological manifestations, grafts of rat sarcoma 
were  inoculated into  a  number of  chick embryos,  long enough in 
advance of the  refractory  period to  allow them to  become estab- 
lished.  The  time  found  most  suitable  for  the  inoculations  was 
from the  I2th to the ISth day of incubation.  The inoculated em- 
bryos were killed in lots of four or five at twenty-four hour intervals, 
beginning with the 17th day, and the grafts and their surroundings 
were examined histologically. 
As late as the I8th day of incubation the grafts were found to be 
in active growth with no evidence of  a  defensive reaction on the 
part of the embryo  (figure 2).  On the  I9th day most of the rat 
cells appeared to be still in good condition.  Some of the cell nuclei, 
however, took the basic stain more deeply than normally and fewer 
mitotic figures  were  present.  At  the  edge of  the  graft  the  con- 
nective tissue elements had begun to increase.  By the 2oth day the 
nuclei of most of the rat cells took a deep basic stain, and among the 
few cells retaining their normal staining reaction,  a  mitotic figure 
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was rarely  found.  There was  some necrosis  in the centre of  the 
graft.  In a  few cases there was a moderate amount of round cell 
infiltration.  Some specimens showed a  local accumulation of poly- 
morphonuclear leucocytes.  The uniform and striking change was 
in the connective tissue elements about the graft.  By the 20th day 
they had increased markedly, forming a  capsule of which strands 
had begun to invade the graft.  Specimens, taken on the 2Ist and 
22d  day  of  incubation,  showed a  continuation of  this  connective 
tissue invasion and replacement  (figure 3).  On the 2Ist day only 
a  few scattered rat cells could be identified in the mass of reactive 
tissue,  and by the 22d  day all  of these had disappeared.  At  this 
late period small clumps of round cells were more numerous.  The 
only traces of the graft were occasional fragments of necrotic tissue 
staining pink with eosin. 
The Fate of Grafts of Foreign Tissue Implanted during and after 
the Onset of the Refractory Period in the Embryo.--The foregoing 
findings show that the refractory period comes after the I8th day of 
incubation.  In order to study the reaction of the embryo to grafts 
introduced during and after the onset of resistance bits of rat tumor 
were inoculated on the I7th, I8th, and Igth days and were removed 
at  twenty-four hour intervals.  Examinations  of  these  specimens 
gave uniform results with those observed in the preceding experi- 
ment.  Grafts inoculated on the I7th day and removed on the Igth 
day of incubation showed an increase in the connective tissue about 
the graft,  with perhaps an  occasional group of small  round  cells. 
There was  marked degeneration in the cente? of  the graft.  The 
cells at its edge showed an occasional mitotic figure but the nuclei 
of most of the rat cells took a  deep basic stain.  The graft  itself 
was  unvascularized  although  the  blood  vessels  had  increased  in 
number around  it.  Many  degenerate  forms  of  tumor  cells  were 
present.  The 2oth day specimens showed an extension of the same 
process.  There were fewer tumor cells with normal staining reac- 
tion, rarely a  mitotic figure, and the connective tissue capsule was 
markedly increased, with beginning invasion and beginning organi- 
zation of the graft  remains  (figure 4)-  The process had an  end 
result resembling that seen in the fate of the organized graft.  On 
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seen up to the 22d day, but these were embedded in a thick mass of 
connective tissue.  The round cell infiltration was more marked in 
these than in the other specimens. 
DISCUSSION. 
The results  demonstrate that the period at which an established 
graft of foreign tissue in the chick embryo is checked in its growth 
corresponds  in time with the period at which an introduced graft 
will no longer take.  This suggests a radical change in the embryo 
which makes it an unsuitable host for the growth of the tissue of a 
foreign  species.  The  period  at  which  the refractory  condition 
asserts itself is not remarkable for a  sudden development or rapid 
growth of any important organ.  The transfer  of the respiratory 
function from the outer membrane to the lungs occurs only after 
the resistance has developed to a definite degree.  This period from 
the I8th to the 2Ist day of incubation does not represent a period of 
more active growth of the embryo as  a  whole than do the earlier 
periods.  It seems improbable, therefore, that the onset of the re- 
fractory  condition can  be  correlated  with  a  gross  change  in  the 
embryo. 
SUMMARY. 
Rat tumors and other tissues of foreign species grow actively in 
the chick embryo until the onset of a refractory period.  Grafts of 
rat  sarcoma established and growing actively at  the onset of this 
period  show  a  rapid  cessation  of  growth between  the  I8th  and 
19th days of incubation.  This is followed by a widespread degen- 
eration  of  the  rat  cells  and  a  marked  activity  of  the  connective 
tissue  elements  in  the  embryonal  tissue  round  about.  An  occa- 
sional specimen may show small mononuelear infiltration or rarely 
accumulations of  polymorphonuclear cells  in the neighborhood of 
the strange tissue.  During the 2oth and 21st days the connective 
tissue capsule increases rapidly, invading the graft and replacing it. 
The  foreign  cells  disintegrate  rapidly  and  by  the  22d  day  have 
practically  all  disappeared.  The  period  at  which the  established 
graft begins to degenerate, namely the 19th to the 2oth day of in- 
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longer take  when implanted in the embryo.  The  cells at the edge 
of the graft of foreign tissue survive for a time.  There is a rapid 
formation  of  a  connective  tissue  capsule  and  an  invasion  of  the 
grafts.  The  foreign cells  here practically  all have disappeared  by 
the 22d day,  leaving a mass  of connective tissue.  The absence  of 
a round cell infiltration is the most marked difference in the process 
in the  embryo  as  compared  with  that  in  the  adult  chicken.  The 
process  about  the  grafts  in  newly hatched  chicks  is  characterized 
by a more active response of the connective tissue than in the adult 
and a  more pronounced round  cell infiltration than in the embryo. 
EXPLANATION  OF  PLATES. 
PLATE 33. 
Fie.  I.  A  graft  of the Jensen  rat  sarcoma  removed after  5 days  in an  adult 
chicken.  A =  the necrotic remains  of the  rat  tissue  surrounded  by  phagocytes; 
B =  small mononuclear  cells densely  infiltrating the tissues  around  the graft. 
Fie. 2.  The edge of a  rat sarcoma growing in an  I8 day chick embryo,  show- 
ing the absence of a  defensive reaction on the part of the host's tissue. 
PLATE  34. 
l~le. 3.  The  remains  of a graft of rat sarcoma  inoculated  into a chick embryo 
on  the  15th  day  and  removed  on  the 2oth  day  of incubation.  A--the  sarcoma 
cells showing many degenerate  forms ; B ~  the dense capsule of connective tissue 
surrounding  and  replacing the graft. 
Fie. 4-  A  graft of rat  sarcoma inoculated into an  embryo on the  I8th  day of 
incubation  and  removed on the 2Ist  day.  A'-= a  few surviving rat  cells lying in 
a  mass  of necrotic material;  the nuclei  of  the  cells take  the  basic  stain  deeply; 
B----capsule of young connective tissue entirely walling off and replacing the graft. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XlX.  PLATE  33. 
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